Purpose Since pesticides are disputed risk factors for uveal melanoma, we studied the association between occupational pesticide exposure and uveal melanoma risk in a case-control study from nine European countries. Methods Incident cases of uveal melanoma and population as well as hospital controls were included and frequency-matched by country, 5-year age groups and sex. Self-reported exposure was quantified with respect to duration of exposure and pesticide application method. We calculated the exposure intensity level based on application method and use of personal protective equipment. Odds ratios (OR) and 95% confidence intervals (95% CI) were estimated by unconditional logistic regression analyses and adjusted for several potential confounders. 
Introduction
Pesticides such as herbicides, insecticides, fungicides or rodenticides are used for controlling pests in a wide range of settings. They belong to a group of various chemical compounds that differ in mechanisms of action. Although the majority of pesticides are considered toxic, only some were suggested to have potential carcinogenic properties [1] . Some pesticides are directly geno-or immunotoxic [1, 2] , others may inhibit the cytochrome-p450 system and therefore indirectly inhibit metabolization of other toxic compounds [3, 4] . Organochlorine pesticides are suspected tumor promoters in animals, and several organochlorines (such as DDT, p,p 0 -DDE, hexachlorbenzene, heptachlor, lindane, chlordanes, aldrin, dieldrin, endrin, endosulfan, and toxaphene) [1] are suspected estrogenic disruptors, which may increase the susceptibility to estrogen-dependent cancers [5] . Synthetic pyrethroid insecticides (which are derived from naturally occurring pyrethrins) may also possess estrogenic and anti-androgenic properties [1, 6, 7] . Since melanoma cells have estrogen receptors [8, 9] , a possible effect on uveal melanoma cells cannot be ruled out.
Furthermore, pesticides may contain carcinogenic contaminants such as polychlorinated biphenyls [10] . Exposure to pesticides can occur via inhalation or ingestion, although the most important route of exposure is absorption through the skin [2] .
Over the past many regulatory changes have been made regarding use of pesticides, particularly with respect to organochlorines. Their use has been banned in most developed countries because of their environmental longevity and potentially negative health effects [1, 11, 12] . Due to their lipophilicity pesticides may accumulate in adipose tissue from which they may be released into blood circulation several years after exposure [7] .
Pesticides were classified by IARC as possibly carcinogenic mainly based on animal study results [2] . Although epidemiological evidence points toward an association with respect to various cancer types, such as leukemia, lymphoma, brain cancer, lung, and kidney cancer, overall results regarding their carcinogenicity are inconsistent [1, [11] [12] [13] . Hormone-sensitive cancers such as testicular, prostate, ovarian or breast cancer have also been inconsistently associated with exposure to pesticides [1, 11, [14] [15] [16] .
The evidence for an association between pesticide use and uveal melanoma is sparse and largely comes from cohort studies in which exposure assessment was based on job titles such as farming or forestry or pesticide application in agricultural settings. The findings of these studies, including a previous analysis from the ''Study of Occupational Causes of Rare Cancers of Unknown Etiology'' [17] , were not consistent [17] [18] [19] [20] [21] . In addition, most of these early studies did not distinguish between uveal melanoma and other ocular cancers, e.g., melanoma of the conjunctivae [19] [20] [21] . A later case-control study that directly assessed pesticide exposure from participants found a slightly elevated risk for uveal melanoma among workers occupationally exposed to pesticides [22] . However, pesticide use has been frequently associated with the risk of cutaneous melanoma [23] [24] [25] , which shares the melanocyte as a common cell of origin with uveal melanoma [26] .
Given these findings, we studied the association between occupational exposures to pesticides with the risk of uveal melanoma in a multicenter case-control study from nine European countries.
Briefly, the study population comprised the national populations of Denmark and Latvia, the population of certain administrative regions in France, Germany, Italy, and Sweden, hospital recruitment areas in Spain and Portugal, and a small non-representative sample from an eye clinic in the UK.
323 incident cases with a definite or possible diagnosis of uveal melanoma, including ciliary body and iris melanoma and diagnosed between January 1, 1994 and December 31, 1997, were eligible. All cases were identified through hospital records. 293 were interviewed. Cases were judged as definite or possible based on pathological specimens and the pathology report. Classification of possible cases of patients who were not enucleated were solely based on the ophthalmological report [27] . Cases could also be judged as ''possible'' because the pathological report was considered incomplete. However, ''possible'' tumors were clinically verified using catamneses and documentation of state-of-the-art diagnostic procedures, such as ophthalmic ultrasound, CT/MRT, and fluorescein angiography. 18 out of 200 choroidal melanomas, 1 out of 59 iris and ciliary melanomas, and 14 out of 34 with overlapping and not otherwise specified localisations were considered ''possible'' diagnoses.
3,198 population, hospital, and cancer controls were frequency-matched by country, sex, and 5-year age group. Population controls were randomly selected from population or municipality registries in Denmark, Italy, France, Sweden, and Germany. Hospital-based colon cancer controls were used in Portugal, in Denmark (in addition to population controls), and in one Spanish center. The second Spanish center used control subjects from patients attending the emergency ward. Latvia selected populationbased colon cancer controls. In the UK, one control per case was selected from the patient list of the case's General Practitioner. As previously described, each country included a number of control subjects that was at least four times the number of the most frequent out of seven rare cancer sites in this country. Therefore, for the analysis all eligible controls were used from the pool of controls matched to several cancer sites in this study. More details on the recruitment of cases and controls can be found in [27] . The response was 90.7% among cases and 68.7% among control subjects, respectively.
Interviewers were nationally, but centrally trained by a uniform protocol. The questionnaire was developed in English, then translated into the local language, and partially back-translated into English for quality control reasons [27] . Personal interviews were conducted with every subject who agreed to participate. Cases and cancer controls were interviewed as soon as possible after the date of diagnosis. Population controls were concurrently interviewed with the cases. If a study subject was deceased or too ill to be interviewed, a surrogate interview (next-of-kin or friend) was solicited. The interview included personal characteristics, medical conditions, as well as alcohol and tobacco consumption. A detailed job biography for every job held by the subject for at least 6 months was solicited. In addition, we applied job-specific questionnaires (JSQ) addressing exposure to pesticides and to other agents associated with activities in farming and forestry.
To quantify pesticide exposure, we relied on various questions from these questionnaires:
In agriculture, information was obtained for the crops on which pesticides were applied, which were categorized into cultivating grains and cereals (wheat, corn, rice, barley, other cereals), fruits (grapes, apples/pears, peaches/apricots/ plums/cherries, citrus fruit, strawberries, olives), other useful plants (sugar beet, soybean/sunflower, mushrooms, potatoes, tomatoes, onions, tobacco, vegetables, greenhouse vegetables), and flowers. In addition, each subject reported his main job on the farm (gardener, farmer/foreman, laborer, farm machine operator, other). We also solicited the major type of pesticide used on the farm (fungicides, herbicides, insecticides) and whether subjects personally mixed or applied pesticides, the mode of personal pesticide application (backpack sprayer, manual spray bar or nozzle, tractor, other form of application), cleaning of the equipment, and the use of personal protective equipment (handkerchief over mouth, leather/rubber gloves, filter mask, overall, cabin on tractor). Fumigants and wood preservatives were examined as separate groups of agents.
Duration of pesticide exposure was determined as the difference between year of beginning and end of application. Risk estimates based on duration were calculated for cumulative years up to the year of uveal melanoma diagnosis (cases) or 1 year prior to the interview (controls).
Application of insecticides on animals or in animal barns and use of insecticides, fungicides, and herbicides in forests were solicited in exposure-oriented questionnaires, in which similar questions were applied. In the forestry, questionnaire we also asked subjects about personal application of chemical or natural fertilizers.
We defined subjects as bystanders who did not apply pesticides themselves, but reported application of pesticides on the farm or in the forest where they were working.
To estimate the over-all intensity of exposure to pesticides, questionnaire data were adapted according to a published algorithm as follows: [29] Exposure intensity level = use of personal protective equipment Ã ðapplication method þ equipment cleaning status þ mixing statusÞ
In the published algorithm application, mixing, and cleaning status are measured on ordinal scales which assign Cancer Causes Control (2012) 23:141-151 143 weights to the various tasks reported in the questionnaire. For this publication, we adapted these weights as follows: Personal mixing of pesticides, for example, was assessed on a dichotomous scale. Assuming that mixing took less than 50% of the work time (as proposed by Dosemeci and colleagues) [29] , we assigned a weight of 0 for never and 3 for ever mixing pesticides, respectively. We introduced similar weights for modes of pesticide application on crops, application on animals, and cleaning of the equipment: Application on crops was weighted 1 for aerial aircraft distribution, 3 for tractor or trailer boomspray applications, and 8 for backpack or manual spraying. Use of fumigants, which was assessed dichotomously in our study, was weighted with 4, the median of the values proposed by Dosemeci et al. [29] for fumigant exposure.
Pesticide application on animals and in forestry was weighted with 3 for tractor or trailer atomization applications. Exposure was weighted with 8 for manual spraying (when using a backpack-spraying device, a mechanical pump and manual nozzle, or a spraying bar) and 9 when using a backpack atomizer. Cleaning the equipment after use was weighted with 2.
We constructed personal protective equipment categories (wearing goggles, leather/rubber gloves, a filter mask, a handkerchief on the mouth, working clothes, a chemically resistant overall, or having a cabin mounted on the tractor) to estimate reduction of exposure intensity: by 10% in case of using a handkerchief over the mouth, by 20%, in case of use of goggles, gloves, a filter mask, an overall or working clothes; and by 40% in case of wearing a rubber overall, respectively. Using a tractor-mounted cabin was assumed to reduce exposure of tractor applications by 50%. Changing working clothes after each treatment was assumed to reduce the overall score for treatment of animals or in barns by 20%. In case of lack of personal protection, cumulative exposure was not reduced.
Data on personal protective equipment were only available for agricultural pesticide exposure and treatment of livestock, but not for pesticide exposure in forests. To calculate the cumulative exposure scores, subjects with missing data in the respective JSQ were considered unexposed.
The cumulative exposure score was divided into quartiles with unexposed subjects serving as reference. Cut-off points for quartiles were based on the distribution of the score among control subjects.
Unconditional logistic regression analyses were calculated, adjusting for country, sex, 5-year age group, eye color (blue or gray, and green or hazel vs. brown or black as reference), frequency of lifetime ocular damage due to intense UV-exposure ([5 times, 1-B5 times burned during lifetime vs. no reported eye burns), and education (with \9 years at school as reference). As previously reported [17, 28] , we merged the small UK data set with the German data for adjustment by country. We also checked results calculating conditional logistic regression individually matched by country, sex and 5-year age group. Effect measure modification by sex and eye color (light vs. dark) was assessed at the 95% level by a product term in the regression model.
Sensitivity analyses excluding cases with a possible diagnosis, cancer controls, countries with non-populationbased control subjects, next-of-kin interviews, and UK study subjects were carried out. We also calculated risk estimates restricting the analyses to choroidal tumors. All analyses were performed using SAS statistical package, version 8.0.
The study was approved by the local Ethics Committees. Study subjects or-in the case of deceased subjects-their relatives gave written informed consent to participate in the study.
Results
293 cases (165 men, 128 women) and 3,198 control subjects (2,121 men, 1,077 women) were included in the final study sample.
Descriptive results of the study population are shown in Table 1 . The prevalence of personal pesticide application in agriculture was 5.46% (cases) and 5.38% (controls), and 0 and 0.32% in forestry, respectively. 1.02% of case and 1% of control subjects reported personal insecticide spraying of animals, and 2.05 and 2.35% personal spraying in animal barns (results not shown).
Analyses of pesticide exposure variables did not indicate elevated risks for uveal melanoma. The associations with job activity as reported in the JSQ were not elevated. There was no association with the cultivated crop on the farm. However, cultivation of fruits was associated with a marginally elevated risk (OR = 1.53; 95% CI 0.95-2.46), and cultivation of flowers showed an OR = 1.62; 95% CI 0.76-3.46 (results not shown). Personal application and mixing of herbicides, insecticides, or fungicides in agriculture, forestry or animal farming did not show positive associations with uveal melanoma risk. We did not observe associations with application of pesticides on the farm where the subjects worked. Neither did we observe consistent trends with duration of exposure (Tables 2, 3, 4) .
Modes of pesticide application (by manual sprayer, backpack sprayer, tractor atomizer, etc.) were not associated with an increased uveal melanoma risk (not shown). However, for the majority of application modes, exposure prevalence was too low to calculate an interpretable risk estimate.
The only statistically significant risk increase that we observed was with exposure to chemical fertilizers in forestry (OR = 8.93; 95% CI 1.73-42.13), but this result was based on only three exposed case and three exposed control subjects (Table 3) . Analyses of exposure scores taking into account pesticide handling and mode of application as well as use of personal protective equipment did not indicate elevated risks. There were no consistent risk increases with higher score values, and most estimates were not statistically significant at the 95% level (results not shown).
Excluding cases with a possible diagnosis (n = 33), cancer controls (n = 1,105), and surrogate interviews (n = 127) for sensitivity analyses reduced the power of the analyses (250 cases and 2,065 controls), but did not alter the overall results (Tables 2, 3, 4) . Restricting the analysis to countries that used population controls and exclusion of the small, nonrepresentative UK sample did not affect results either. When we restricted the analyses to choroidal tumors, the study power markedly decreased. However, the overall direction of results remained similar as compared to the unrestricted analyses. One notable exception was exposure to fumigants which showed an OR of 0.88 (95% CI 0.11-6.90) for choroidal tumors. In contrast, tumors with overlapping and not otherwise specified localizations revealed an OR = 7.96 (95% CI 0.78-81.30) in these analyses.
We did not observe effect modification with respect to sex or eye color (dark vs. light eyes). Stratification by eye color rather indicated higher risks for subjects with dark eye color, but none of the point estimates or the product interaction terms reached the level of statistical significance.
Calculating conditional logistic regression analyses individually matched by country, sex, and 5-year age group, yielded similar results for the majority of point estimates. Only in a few estimates which were based on very low exposure prevalences, conditional regression deviated from unconditional regression results. However, in these cases point estimates of conditional regression analyses tended to be higher and 95% confidence intervals wider (e.g., conditional regression analyses for exposure to chemical fertilizers in forests yielded an OR of 14.0; 95% CI 2.25-87.22 as compared to OR = 8.93; 95% CI 1.73-42.13, and mixing of pesticides in forestry OR = 1.87; 95% CI 0.22-15.75 as compared to OR = 1.08; 95% CI 0.13-9.19).
Discussion
This article studied the association between occupational pesticide exposure in agriculture, livestock farming, and forestry with the risk of uveal melanoma. We analyzed detailed information about type of pesticide, mode of application and personal protective equipment, but did not identify increased associations with uveal melanoma risk. These results are in accordance with a previous publication from this study which calculated risk estimates for a job in farming or forestry based on job titles [17] .
Since frequency matching in this study was performed on the most frequent out of seven cancer sites in each country (which, except for the UK, never applied to uveal melanoma), we decided to calculate unconditional logistic regression analyses in accordance with previous publications from this study [17, 28, 30] . However, we also checked results using conditional logistic regression analyses, but the majority of point estimates were similar to the ones yielded by unconditional regression. Advantages of this study are that it included a relatively large number of cases of the rare tumor uveal melanoma. Particular care was applied to verify diagnoses by a pathologist, excluding tumors of the conjunctivae. For clinically verified cases which were treated by eyepreserving therapy no pathological specimen was available. These tumors (n = 33) were labeled as ''possible cases.'' Eye-preserving therapy (such as charged particle radiation, episcleral plaque radiation, laser therapy, etc.) is becoming more common in Europe [31] , and exclusion of these cases could lead to selection bias with respect to smaller sized and potentially less aggressive tumors or tumors with a favorable localization to eye-preserving therapy.
However, when we restricted the analyses to cases with a definite diagnosis of eye melanoma as well as to noncancer controls and interviews with the index person, the direction of the majority of results did not change which suggests that the identified risk increases were not affected by selection or information bias.
Limitations of this study include that the study did not clearly distinguish between iris and ciliary melanoma. Melanoma of the iris is rare, accounting for only 3-10% of all melanoma cases. The histopathological features and prognoses of iris and choroidal tumors differ: Iris melanomas are smaller at the time of diagnosis, show a better prognosis, and the majority are of spindle cell origin, while [80% of choroidal melanomas are diagnosed as mixed cell type [32] . It is unclear whether a different set of risk factors may account for these differences. We therefore restricted the analyses to choroidal tumors, but the overall direction of results remained similar. Another important limitation of this study is that exposure prevalence of farming and pesticide application was small resulting in wide confidence intervals and limited power of the analyses. In addition, the likelihood that multiple testing affected our results is high, and may have led to spurious associations, in particular with respect to chemical fertilizers, which was the only point estimate that was statistically significantly elevated. n/e = not estimable a Possible uveal melanoma cases, cancer controls, and surrogate interviews excluded b Numbers do not always add up to the total number of exposed subjects since information on duration of exposure was missing for some subjects Numbers do not always add up to the total number of exposed subjects since information on duration of exposure was missing for some subjects
We also did not ask for the trade names of pesticides, impeding definite conclusions about biological effects on a possible origin of uveal melanoma.
Sun light may be an important confounder when investigating exposure to farm-related activities, because farmers spend a great proportion of their work time outdoors. Nevertheless, Shah and colleagues proposed that UV-radiation is unable to reach the posterior uvea as the most common localization of uveal melanoma [33] , although other authors challenged this notion [34] . However, Lutz and co-workers estimated in a previous analysis of the international ''Study of Rare Cancers'' data set that occupational sun light exposure was not a risk factor for uveal melanoma in this study [17] .
Other authors noted that the most important route of exposure to pesticides is via the skin [2], which may explain why application modes associated with pesticide spraying did not yield elevated risks in this study. However, mixing of herbicides and insecticides or application of wood preservatives which rather lead to dermal than respiratory exposure were not associated with increased uveal melanoma risks either.
Possible mechanisms that link pesticide exposure to the incidence of uveal melanoma have been discussed in the literature: Several studies identified pesticide exposure as a risk factor for cutaneous melanoma [23, 24] , which shares the melanocyte [26] as a common cell of origin with uveal melanoma. More recent hypotheses focused on some pesticides' estrogenic properties by acting as agonists on ERa, and antagonists on ERb estrogen-receptor subtypes and possibly as androgen-receptor antagonists, thereby increasing the susceptibility to estrogen-dependent cancers [7] . In a previous publication from this study, we observed a possible higher risk for uveal melanoma for men who were exposed to capacitor and transformer oils with potential PCB-content. Exposure to Pyralene, a PCB which confers an indirect estrogenic effect, was associated with an increased risk for uveal melanoma in this analysis [35] . Furthermore, we observed that occupational exposure to extremely low frequency electromagnetic fields (EMF) was associated with an increased risk for uveal melanoma particularly among women [28] . EMF may indirectly increase the production of estrogen and prolactin via suppression of a release of melatonin from the pineal gland [36] . However, we did not observe an increased risk of uveal melanoma in either sex for pesticide exposure and occupational activities in farming or forestry.
The only exposure that would conform to a possible hormonal mechanism was to chemical fertilizers in forestry that was associated with a ninefold risk increase. Phosphate fertilizers may contain cadmium which belongs to the group of endocrinally active metal compounds [37, 38] . However, our observation was based on three exposed case and three exposed control subjects only, which makes this finding prone to bias. Misclassification of only one or two case subjects could have easily biased this estimate toward a spurious positive association. In addition, still unpublished results from our study assessing the influence of occupational endocrine-disrupting chemicals did not reveal an association between metallohormones and the risk for uveal melanoma. Due to the multitude of our analyses, the positive finding for chemical fertilizers could be due to chance.
Concluding, we did not identify increased risks for uveal melanoma with occupational handling of pesticides or occupational activities in farming or forestry. Restricting the analyses to cases with a definite diagnosis, to noncancer controls or interviews with the index subject did not alter these results. Because exposure prevalence to activities in farming and forestry was low, the power of our study was limited. Based on the observed 6.9% control prevalence for personal application of pesticides in agriculture, livestock farming, or forestry, 705 uveal melanoma cases and 2,820 control subjects would have to be included to detect a 50% risk difference with a power of 80% (a = 5%, two-sided).
Exposure to chemical fertilizers in forestry represented the only possible risk factor for uveal melanoma. Further studies should therefore concentrate on use of chemical fertilizer in agriculture as well, as this may provide the power required to secure a possible effect of this exposure on uveal melanoma.
